Background: Previous studies showed that disability pensioners have a higher risk of premature death than others, but residual confounding has been suggested. The aim was to assess the degree of residual confounding of the association between disability pension (DP) and risk of premature death. Methods: Prospective cohort study of everyone aged 19-64 years, living in Sweden 31 December 2004 (n = 5 406 469), followed up through 2010. Mortality hazard rates over time were estimated for three groups; incident disability pensioners during 2005 from start of DP (February-December 2005), prevalent disability pensioners (January 2005 or since before), and individuals not on DP in January 2005, after standardizing populations to characteristics of the incident disability pensioners, stratified by previous hospitalization or not. If DP has no immediate effect on mortality, incident disability pensioners and those not on DP should initially have similar hazard rates, thereby, allowing assessment of the degree of residual confounding. Results: For those not previously hospitalized, the mortality hazard rate on the first DP day was: 3.07 (95% CI 2.21, 4.36), 2.09 (1.78, 2.48) and 0.78 (0.73, 0.84) per thousand person-years for incident, prevalent, and non DP, respectively. Among previously hospitalized these figures were: 21.67 (17.73, 26.24), 17.00 (15.76, 18.51) and 18.88 (18.14, 19.64) respectively. Hazard ratios were 1.15 (0.94, 1.40) in the strata with and 3.94 (2.78, 5.57) in the strata without, previous hospitalization comparing incident DP with non-DP. Conclusions: Substantial residual confounding was found in the association between DP and premature death among those not previously hospitalized. 
Introduction

P
revious studies have shown that disability pensioners have a higher risk of premature death than individuals not on disability pension (DP), even after adjusting for variables such as age, sex, and other potential confounders including proxies for the underlying morbidity. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] It has been discussed whether the higher risk should be attributed to being on DP or to unadjusted underlying differences between disability pensioners and other individuals. A potentially strong confounder is the individual's morbidity. One way to try to capture this potential confounder is to adjust for number of days of previous hospitalization. It has been argued that since the association does not change much after adjusting for hospitalization, 'DP may per se contain a damaging factor in addition to the underlying disease'. 6 Others, however, have postulated that there likely is substantial residual confounding, including confounding by indication, and that this issue could only be adequately addressed by randomized trials, which however would generally be difficult and possibly unethical. 1, 14 Although it might not be possible to adjust for all confounding without randomized trials, it is possible to investigate the degree of confounding at the start of follow-up. If any association is observed already on the first day, it could mainly be attributed to residual confounding. It has been pointed out that if DP is associated with premature death, this should not impact mortality substantially in the first day, week or month. 15 Ideally, if all confounding was adjusted for, mortality should be similar at the start of DP. The putative harmful effects of being granted DP should raise mortality rates gradually over time after the DP granting.
The aim was to assess the degree of residual confounding in the association between DP and premature death by investigating whether the excess risk of premature death is present already from the start of follow-up.
Methods
A population-based prospective cohort study utilizing data from four nationwide Swedish registers from three authorities was conducted. Data were linked at the individual level using the tendigit unique identification number of all residents in Sweden. The entire population aged 19-64 years and living in Sweden on 31 December 2004 (n = 5 406 469) was included. This cohort was followed up from 1 January 2005 until 31 December 2010 using data from (i) the LISA database of Statistics Sweden; information on age, sex, birth country, educational level, type of living area for December 2004 and year of emigration up through 2010; (ii) the Board of Health and Welfare's Cause of Death Register (date of death); (iii) and information about hospitalization from the National Patient Register (2000-04), and (iv) the National Social Insurance Agency's MiDAS database, regarding all on DP at 1 January 2005 and dates regarding all incident DP granted February-December 2005. DP is always granted from the first day of a month.
Comparing three populations
We compared three populations. The first population consisted of incident disability pensioners that for the first time were granted DP sometime during February-December 2005. This population was followed up from the first day of DP. The second population comprised the prevalent disability pensioners, individuals that already were on DP on 1 January 2005, for many granted long before. The third population consisted of individuals that were not on DP on 1 January 2005. The latter two populations were followed up from 1 January 2005. All analyses were stratified by whether individuals had or had not been hospitalized for at least 1 day in the 5-year period 2000-04, excluding pregnancies without complication (ICD-10 code O80). 16 We censored observations at the year after emigration or the end of follow-up. If there was residual confounding at the start of the DP, such censoring would be informative and introduce further bias. 17 Although methods to correct for the bias introduced by informative censoring are available, these tend to fail in the presence of strong selection bias. 18 Still, not censoring those in the non-DP group granted DP after 2005, may also lead to bias, particularly the latter part of the curve for the non-DP group may be overestimated. However, this choice will not be of importance as the focus of this study was the hazard rate on day 1.
Regarding date of death, for 2219 individuals, deaths information on the exact day was missing and for 1024 deaths the exact month was missing. For these interval-censored deaths, the day of death were randomly imputed from a uniform distribution.
Standardization to create hypothetical populations
To make all three populations comparable, we standardized them to the same distribution of background variables measured at 31 December 2004: age, sex (man/woman), birth place (Sweden, other Nordic countries, other countries within EU25, and countries in the rest of the world), educational level (low (elementary school, 9 years), medium (upper secondary school, 10-12 years) and high (college/university, >12 years)), married (yes/no), and type of living area (urban, semi-urban and sparsely populated) and days of hospitalization in 2000-04 in five categories (0, 1-2, 3-6, 7-15, !16 days). We chose to standardize the non-DP population and the prevalent DP population to create two hypothetical populations with similar distribution of background variables as the incident disability pensioners.
The standardization was performed by estimating probability weights for each of the non-DP population and the prevalent DP population. The weights for standardizing the non-DP population to the covariate distribution of the incident DP population were obtained by logistic regression, estimating the odds of being in the incident DP population relative to the non-DP population in an augmented dataset containing the incident DP population and the non-DP population. The predicted odds were then rescaled to have a mean of one and used as probability weights in subsequent analyses. The weights for standardizing the prevalent DP population to the covariate pattern of the incident DP population were obtained analogously.
All variables were included as categorical variables in the logistic regression model, except age which was used as a restricted cubic spline function with three knots placed at the observed quartiles. 19 An interaction between sex and age was included. Interactions of previous hospitalization with age and sex as well as a three-way interaction were also included in the strata with previous hospitalizations. Based on the Akaike Information Criterion (AIC), 20 these models fitted the data better than simpler models without all interactions. No large probability weights were observed in any analysis, with the largest weight over all analyses being 13.3.
Hazard rates across time
We estimated the hazard rates for death over the follow-up time in each of the three populations and in the two hypothetical populations. We used flexible parametric models for survival analyses without covariates. We estimated smooth curves separately for each population by using the 'flexsurv' package in R. 21, 22 To estimate the hazard in the two hypothetical populations, we used the weights as described earlier.
To avoid forcing the hazard rate to be 0 at time 0, we used a model that constrained the shape parameter of the assumed Weibull distribution to be equal to 1. We placed the boundary knots at the time of the first and last event and three internal knots at years 1, 2 and 4, respectively.
We present hazard rates with 95% CIs at day 1, at 2, 4 and 6 years, respectively, in the figures and tables. We also present crude incidence rates for the first 30 days with exact 95% CI, to confirm that the flexible parametric model works as intended.
In Sweden, the ordinary old-age retirement age is 65 years. People aged 19-64 and not on old-age pension can be granted DP if they have long-standing or permanent work incapacity caused by disease or injury. In 2005 there was no limit to duration of a sick-leave spell before being assessed for DP.
Although we estimated hazards across time, our primary interest was to compare the three populations after standardization at the start of follow-up, because this is where the confounding adjustment will be based on the most recent information. After the first day, the information on the confounding variables was incomplete. If no immediate effect is expected, comparing the incident disability pensioners with those not on DP, at the start of follow-up, will enable an assessment of the degree of confounding at that time point. Furthermore, comparing the incident disability pensioners with the prevalent disability pensioners enable us to assess whether the excess risk of premature death among disability pensioners is already present at the start of follow-up or if it develops later. A 95% CI for this estimate was calculated from the two individual CIs using 1 million bootstrap samples.
Results
Background characteristics and size of the three populations in each of the two strata are presented in tables 1 and 2. Of all individuals, 21% had at least one inpatient day in the 5-year period 2000-04. These proportions were 44% among those with prevalent DP, 46% among those with incident DP, and 19% in the population with no DP in 2005. In the strata without previous hospitalization, the two DP populations were more likely to be women, older, born outside Sweden, less educated, married and to live in a rural area. In individuals with previous hospitalizations, these differences were less pronounced, although the two DP populations were older, less educated and had more days of previous hospitalization.
In individuals without previous hospitalization ( figure 1 and  table 3 ), the hazard rates of premature death were relatively low in absolute terms, but increased substantially in relative terms over time for all populations. Before standardization the prevalent DP population had the highest risk, followed by the incident DP population, and those not on DP having the lowest risk. After standardization, the observed differences were smaller. The hazard rates for the incident DP population and the prevalent DP population were after standardization essentially at the same level.
Overall, the hazard rates were much higher in the strata with previous hospitalization ( figure 2 and table 4) . The standardized and unstandardized prevalent DP population and the unstandardized non-DP population showed a similar pattern with relatively constant hazard rates over time. Comparing the incident DP population with the standardized non-DP population, the two hazard curves at the start of follow-up were very similar. The two hazard rates were not significantly different from each other on the first day.
Supplementary table S1a and b present crude incidence rates for the first 30 days, giving similar results to the unstandardized hazard rates on day 1, but with wider CIs, consistently with the results from the parametric model. 
Not on DP Prevalent DP Incident DP n = 3 946 691 n = 299 029 n = 31 735 If being granted DP has no immediate effect on mortality, incident disability pensioners and those not on DP should have similar risk initially. This allows us to estimate the degree of residual confounding. Estimates for the degree of residual confounding in terms of hazard ratios are 21.67/18.88 = 1.15 (95% CI 0.94, 1.40) in the strata with previous hospitalization and 3.07/0.78 = 3.94 (2.78, 5.57) in the strata without previous hospitalization.
By comparing incident and prevalent disability pensioners after standardization at the start of follow-up we could estimate how much of the excess risk that was present already then. In the strata without previous hospitalization the hazard ratio was 3.07/2.07 = 1.47 (1.01, 2.14) and in the strata with previous hospitalization the hazard ratio was 21.67/17.00 = 1.27 (1.03, 1.58) , which meant that the excess risk of premature death was present already when granted DP and was even higher for incident DPs than for prevalent DPs.
Discussion
In this study, we investigated the association of being on DP with mortality, considering that if any immediate effect is small or nonexistent, residual confounding is likely important for explaining previous findings of DP being associated with premature death. We found that the excess risk of premature death among disability pensioners is present already when being granted DP.
The large, what could be assumed as, residual confounding observed at baseline in those without previous hospitalization, which constitute 79% of the total population, may explain findings from previous studies. The study that first pointed out that adjusting for days of hospitalization did not impact the results, had a very long follow-up of 18 years. [6] We expect that while previous hospitalizations measured at baseline might be a good proxy for morbidity at the start of follow-up, they may not be as good a proxy for morbidity 18 years later.
Our finding that incident disability pensioners had a higher risk of premature death than prevalent disability pensioners at the start of follow-up is consistent with a previous study that compared prevalent disability pensioners with those not on DP and found no variation across time regarding the three times higher risk of premature death among those on DP, except for a somewhat higher risk during the first year after being granted DP. 5 However, this previous study did not attempt to adjust for morbidity. We limited the comparison to the start of follow-up because this is where confounding adjustment for hospitalization will be most accurate, considering that we did not have updated information on hospitalizations after baseline. Disability pensioners were more similar to other disability pensioners and so the degree of confounding for comparing incident and prevalent disability pensioners was expected to be smaller than when comparing disability pensioners Figure 1 Mortality hazard rates and 95% CI across time for the incident disability pensioners, the prevalent disability pensioners, and those not on DP, without previous hospitalization. Hazards are multiplied by 1000 with the timescale in years Hazards are multiplied by 1000 with the timescale in years. Hazards are multiplied by 1000 with the timescale in years.
with those not on DP. However, this difference between prevalent and incident disability pensioners might also be accounted for by possible cohort effects.
Strengths and limitations
To the best of our knowledge, this is the first study attempting to assess the degree of residual confounding in the association of being granted DP and the risk of premature death. We presented a method for assessing the degree of residual confounding at the start of follow-up for exposures that were not expected to have an immediate effect on the outcome. Because our study was based on a large population-based cohort covering a whole country, we had sufficient power to compare incident disability pensioners, prevalent disability pensioners, and those not on DP at the start of follow-up. We used standardization to adjust for confounding. This approach to assessing the degree of residual confounding can be useful when trying to improve the confounding adjustment in future studies as a check whether confounding adjustment is inadequate. Standardization adjusts for confounding by balancing the distribution of measured confounders, similarly to randomization, except randomization also balances unmeasured confounders. The reason why we used standardization instead of regression models for the outcome was that it allowed us to use a simple model for the outcome, whose only assumption was that the hazard rate changed smoothly over time. This facilitated interpretation of our findings.
In this study we measured morbidity in terms of previous hospitalization. Other morbidity measures could also be used, such as out-patient visits, medication, sick-leave patterns, self-rated health, as days of hospitalization only captures a limited range of morbidity. Another main limitation of our study is that we did not have information on duration and grade of previous and ongoing sick leave. Based on the regulations in Sweden, after 12 months on sick leave, people should be assessed regarding fulfilling the criteria for DP. In 2005, many people on long-term sick leave had not been assessed for DP, due to practices of the National Social Insurance Agency. If they had been assessed for DP earlier, they could already have been on DP for years, and could have been included in the prevalent DP population in this study. In future studies, this group needs to be included. The Organization for Economic Co-operation and Development (OECD) tackled this problem regarding DP data in Sweden by categorizing all sick-leave spells that have been on-going for more than 2 years as being DP cases. 23 Moreover, including information on diagnoses might add to the understanding of the processes studied here. In a previous study 24 we investigated sick leave and mortality followed from day 32 of a sick-leave spell. There we found that the higher mortality among those with such sick leave was temporary and had vanished after 6 years. The adjusted hazard ratio comparing DP to non-DP standardized to the total population on sick-leave day 32 was 13.58/0.90 = 15.09. The OECD definition lies in between the definition of DP used in this paper and the 32 days of sick leave used in our previous study. This indicates that including sick leave into the definition of a DP as OECD does might increase the problems with residual confounding. However, this needs to be investigated in future studies. These studies should also include additional measures of morbidity, before and after being granted DP, as well as information on previous and ongoing sick leave.
Theoretically, there could be detrimental factors under long-term sick leave before day 1 of DP, contributing to a higher risk of premature death of disability pensioners or to a higher risk of premature death among those on long-term sick leave not yet granted DP. Our analysis does not find support for this hypothesis, since in the stratum with previous hospitalization, where we have most of the deaths; no excess risk at the start of DP was found after standardization. However, this should be investigated in more detail in future studies.
Further, people with acute, very severe, and fatal diseases usually are not granted DP, rather they are allowed to retain sick-leave benefits, which usually are higher than the DP benefits. We did not differentiate between DP diagnoses or whether people were granted a full-or a part-time DP. Such analyses would be recommended in future studies, especially regarding whether the associations differ between people on part-time and those on full-time DP. These are not limitations that would change the overall result, but it may be possible to locate more exactly in which subgroups residual confounding is more or less pronounced.
The method for assessing residual confounding presented in this study would be of use in such future studies to assess if the confounding adjustment is inadequate. This method may also be useful more generally in studies where the exposure is not expected to have an immediate effect on the outcome.
Supplementary data
Supplementary data are available at EURPUB online. 
Key points
Previous studies have shown that disability pensioners have higher risks of premature death. Whether this is due to residual confounding or an effect of the disability pension (DP) itself has been discussed. It is shown that residual confounding is likely important in explaining previous findings of an association between DP and premature death. The residual confounding is primarily found in the comparison of individuals without previous hospitalization within a 5-year period. A method for assessing the degree of residual confounding for exposures considered to have little or no immediate effect on the outcome is presented. Figure 2 Mortality hazard rates and 95% CI across time for the incident disability pensioners, the prevalent disability pensioners, and those not on DP, with previous hospitalization. Hazards are multiplied by 1000 with the timescale in years
